
Advanced Supercritical Fuels 
  

 September 20, 2011  

Tim Edwards, AFRL 
Propulsion Directorate 



2 

What is Going On With Alternative 
Fuels? 

Jet fuel and combustion research being driven by 
alternative fuel development 

Two aspects relevant to MACCCR community: 
• Evaluation of alternative fuels with atypical compositions 
• Improvement in combustion evaluation of alternative 

fuels 

? 
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Alternative Fuel Evaluation (ASTM 
D4054, MIL-HDBK-510) 

ASTM Balloting 
Process 

Specification 
Properties 

Engine/APU 
Testing 

Fit-For-Purpose 
Properties 

Component/Rig Testing – 
operability, durability 

ASTM 
Research 

Report ASTM
Specification

Accept

ASTM

Review

& Ballot

Re-Eval
As Required

Reject

ASTM
Specification

Accept

ASTM

Review

& Ballot

Re-Eval
As Required

Reject

ASTM D7566 
Revision FAA & OEM Review 

& Approval 

CRC Emerging Fuels Group 
3 Federal Aviation 

Administration May 5, 2010 
Mark Rumizen, FAA/CAAFI 

R&D Cert. 

http://www.test-diagnostics.org/Boeing_logo.jpg
http://www.ashburninlinehockey.com/images/Airbus logo - swirl to side 2005.jpg
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Reject Fuel or 
Additive

File Report

Fuel Specification Properties 
Relating to Engine Safety, 
Performance and Durability

(ASTM D 1655/ Def Stan 91-91,
 Mil-DTL-83133, Mil-DTL-5624)

OEM Approval
Incorporate into Fuel 

Specification with FAA  
Concensus 

 Component Test 
Required? 

Engine Endurance
Test *

Revised 12/24/07

Fit-for-Purpose Properties
CHEMISTRY

• Hydrocarbon Chemistry (carbon 
number, type and distribution)

• Trace Materials

BULK PHYSICAL AND 
PERFORMANCE PROPERTIES

• Boiling Point Distribution
• Vapor/Liquid Ratio
• Thermal Stability Breakpoint
• Lubricity
• Response to Lubricity Improver
• Viscosity vs. Temperature
• Specific Heat vs. Temperature
• Density vs. Temperature
• Surface Tension vs. Temperature
• Bulk Modulus vs. Temperature
• Thermal Conductivity vs. Temp.
• Water Solubility vs. Temperature
• Solubility of air (oxygen/nitrogen)

ELECTRICAL PROPERTIES
• Dielectric Constant vs. Density
• Electrical Conductivity and 

Response to Static Dissipator

GROUND HANDLING / SAFETY
• Effect on Clay Filtration
• Filtration (coalescers & monitors)
• Storage Stability

- Peroxides
- Potential Gum

• Toxicity
• Flammability Limits
• Autoignition Temperature
• Hot Surface Ignition Temperature

COMPATIBILITY
• With Other Approved Additives and 

Fuels
• With Engine and Airframe Seals, 

Coatings and Metallics

No Effect/Positive Effect

Anomolies

*  Testing must be performed at P&W, GEAE , RR or Honeywell due to proprietary concerns

Yes

Acceptible

No Anomalies

No Effect

Engine Test 
Required?

Component Tests *

FUEL SYSTEM
• Fuel Control
• Fuel Pump
• Fuel Nozzle

COMBUSTOR RIG TESTS
• Cold starting, sea level to 10,000 feet
• Lean Blowout
• Aerial Restarting
• Turbine inlet-temperature distribution
• Combustor Efficiency
• Flow path carboning/plating
• Emissions
• Auxiliary Power Unit altitude starting

Turbine Hot Section *
 Oxidative or Corrosive Attack On 

Turbine Blade Metallurgy and Coatings
(Burner Rig Test)

Negative Effect

Yes

No Attack

Attack

No

Yes

Unacceptable

No ASTM Standard 
Practice D4054– 
Qualification and 
Approval of New 
Aviation Turbine 
Fuels and Fuel 
Additives 

Evolving… 
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Combustor Operability 

1 November 2011 

Test Program 

AIAA  2010-7155 
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OEM Proposed Combustion 
Rig Evaluation 

Testing protocol development 
requires baseline/reference fuels 

• Category A – Best/worst/average JP-8/Jet A 
• Category B – Current alt fuels (good/bad) 
• Category C – Test fuels pushing spec limits 

• Define Category C 
• Volumes 
• Coordinate with AFOSR combustion prog. 

In Progress: 

AIAA-2010-7155 
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Baseline Jet Fuels 

1 November 2011 
      

Experience 
Range

      

Experience 
Range

• Best/worst jet fuel may vary with metric (cold start, LBO, relight, …) 

• Need to understand experience base with current fuels 

• In many cases, no experience with best/worst jet fuels 

• Thus, limits uncertain (what is a “fail”?) 
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Alternative Jet Production Options 

Triglycerides (fats, oils) 

jet fuels/ 
components 
(“drop-in”) 

Cellulose  

CO + H2 

Fischer-Tropsch 
“BTL, CTL, GTL” 

Lignin 
gasification 

“HRJ” 
“Bio SPK” 

C18:0 

C16:1 

Sugars 
“direct fermentation” 

alcohols 

pyrolysis 

hydroprocessing  

catalysis 

1 

2 

Coal  
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Fuels from Woody Biomass 

• Focus of DOE Biomass program 

• Can yield fuels of atypical composition 
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Woody Biomass (2) 
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Not All Fuels Look Like SPK….. 

5 10 15 20 25 30 Time -- > 

5 10 15 20 25 30 

5 10 15 20 25 30 

-- > 

F-T   SPK (blend stock) 

HRJ  - hydrotreated fats/oils (blend stock) 

4751 JP - 8 

C 13 C 14 C 15 
C 16 

C 12 
C 9 

C 8 
C 7 

C 11 
C 10 

C 17 C 18 C 19 

Biofuel B 

Biofuel A 

current fuels JP-8, Jet A 

generic F-T SPK 

HRJ 

More 
Challenging! 
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Fuel Compositional Evaluation 

JP-8 (4751) 

HRJ (5469) 

100 min 

6.0 sec 

• Kerosene fuel characterization by compound class req’d for alt fuel evaluation 
• ASTM D2425 (mass spec): AF/industry results led to inclusion in spec 
• GC X GC (2-D GC) holds promise for better results 
• Collaborations with SwRI, NIST, NRL, UOPC 
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Cycloparaffins, mass%

18.7 +/- 5.1

5 10 15 20 25 30Time-->

n-C19

n-C11
n-C12

n-C13 n-C14 n-C15 n-C16 n-C17 n-C18

n-C10

n-C9

n-C8n-C7

4751 (JP-8)

4909 (F-T SPK)

7467 (39247)

7468 (39187)

Weight % n-Paraffins
C7-C9 C10-C13 C14-C16 C17-C19

7468 3.6 6.4 0.52 0.08
7467 4.4 8.1 0.39 <0.003
4909 4.1 10.8 2.2 0.10
4751 1.7 14.3 2.9 0.12

Cycloparaffins
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“Alcohol to Jet” 

1 November 2011 

OH isododecene

H2O

isobutyleneisobutanol

H2

dehydration
(e.g. TBA dehydration

by Evonik, LyondellBasell,
CDTech, EtOH dehydration

by Dow)

oligomerization
(e.g. CDTech Dimer8,

UOP InAlk,
Neste NExOCTANE)

hydrogenation
(e.g. Neste NExSAT)

isododecane

isohexadecene isohexadecane

70-90%

10-30%

70-90%

10-30%

Hydroprocessed Synthetic 
Paraffinic Kerosine Derived from 
Fermented Alcohols 

Josh Taylor, June 30, 2010  (ASTM Summer 
2010 Meeting, Kansas City, MO) 
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Cetane Effects  

1 November 2011 

10
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6890 correlation all fuels
jet fuels
50/50 blends
HRJ/SPK
mesitylene in HRJ

y = 56.633 - 0.7346x   R= 0.90102 
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TM
 6

89
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ta

ne

% aromatics

• Measured cetane relevant to gas turbine ignition or operability? 
• predominantly iso-paraffinic fuels (Sasol, Gevo) have low 
cetane – importance? 

Sasol IPK - 31 

Gevo ATJ - 15 



Aromatic Blending Agents 

• Blended with HRJ, SPK, or? 

5 10 15 20 25 30Time-->

n-C13

n-C14

n-C15

n-C16

n-C12

n-C9

n-C8

n-C7

n-C11
n-C10

n-C17 n-C18

4751 (JP-8)

7602 (Kior Jet Fuel)

Weight % n-Paraffins
C7-C9 C10-C13 C14-C16 C17-C19

4751 1.7 14.3 2.9 0.12
7602 0.1 0.1 <0.03 <0.03

Bio-derived aromatic blend stock 
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Example “Worst-Case” Test Fuel 

5 10 15 20 25 30 

-- > 

F-T   SPK (blend stock) 

HRJ  - hydrotreated fats/oils (blend stock) 

4751 JP - 8 

C 13 C 14 C 15 
C 16 

C 12 
C 9 

C 8 
C 7 

C 11 
C 10 

C 17 C 18 C 19 

5469 

min 8 10 12 14 16 18 20 

JCA022-029a 

n-C14 n-C12 

Mono-methyl isomers (methyl-tridecanes) 

n-C10 

Produced at Shroyer 
Park – mimics 
potential  “alcohol-to-
jet” and synthetic 
biology fuels 
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Combustor Operability Research 
Questions 

• Can a fully-synthetic fuel (vs a 50/50 blend) be 
certified for aircraft use? 

• Is a minimum boiling range requirement necessary 
for combustor/augmentor operability? 

• Are fuels with 2-3 hydrocarbons acceptable? 
• For wide-boiling fuels, is there a problem with 

differing distributions of species (e.g., aromatics)? 
• Is measured cetane number relevant to gas turbine 

engine operation? 
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Summary 

• Combustion evaluation of alternative aviation fuels 
is the “long pole in the tent” at the moment 

• Key role for MACCCR community is supplying basic 
research support to this effort 

• DOD funding picture is looking fairly grim….  
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